Introduction: It is necessary to investigate the interrelation between physical exercise and aromatherapy, regarding cardiovascular and affective functions of human. Thus, the aim of this study was to evaluate the effects of aerobic exercise (AE) and eucalyptus essential oil (EO) in cardiovascular and affective responses. Methods: Twelve adults (19-39 years) performed in a randomized order in different days: 1. AE session; 2. Inhalation of EO session; 3. AE + EO session and; 4. Control session. In each session remained at rest over 15min plus 5min to inhaling EO or blank air in Control session. The AE was 15 min run/walk at 80-85% of maximum heart rate. After recovery (30 min) the Cold Pressor Test (CPT) was applied. At rest, recovery and during CPT were measured cardiovascular and affective variables. Results: The variation of systolic blood pressure in the CPT was attenuated by AE + EO (12.3 ± 14.9 mmHg) and EO (12.6 ± 6.7 mmHg) compared to Control (17.3 ± 6.5 mmHg; P < 0.05). AE + EO increased pleasure in recovery (1′ = 1.2 ± 1.9 pts and 30′= 0.6 ± 1.1 pts) and reduced displeasure in stress (-3.4 ± 1.7 pts) when compared to Control in recovery (1′= -0.5 ± 1.4 pts and 30′= -0.7 ± 1.5 pts, respectively; P < 0.05) and stress (-4.6 ± 1.8 pts; P < 0.05). Conclusions: We conclude that aerobic exercise and eucalyptus essential oil attenuated cardiovascular responses and modulated the affect on recovery and stress.
INTRODUCTION
Changes in lifestyle can influence the psychophysiological well-being of an individual, which increases the risk of cardiovascular diseases in the medium to the long-term [1] . Changes in the autonomic nervous system can be observed during exposure to environmental stressors. Under such conditions, increases in the sympathetic nerve activity [2] may reflect on blood pressure and heart-rate hyperreactivity [3] . On the other hand, the individual's immersion in natural environments has been discussed as a strategy for promoting health [4] since many aromatic components exhaled by plants present therapeutic properties [5] . Thus, natural essential oils extracted from plants can be used for medicinal purposes. Eucalyptus globulus is an example of a species that shows special participation of the monoterpenic oxide 1.8-cineole [6] . Eucalyptol (1.8-cineole) has been presented as a cardiovascular system modulator acting on the cardiac inotropism of rats [7, 8] . In addition to this, some regions of the central nervous system are activated when there is the inhalation of aromatic components derived from essential oils. It shows that a possible action mechanism might start in the olfactory bulb and go up to the hypothalamus, thus influencing the autonomous nervous system [2] . Currently, a 40% reduction in cardiovascular risks has been related to physical activity practicing. Such practices can modulate vascular and structure functions [9] . According to such perspective, aerobic exercise may play an important role in autonomic control and adjust the hemodynamic functions of individuals recovering from a single session [10] . The aerobic post-exercise hypotension may be associated with the attenuation of the sensitivity to sympathetic stimulation [11, International Journal of Cardiovascular Practice 12] . Such change has been discussed as an important protective mechanism of the blood pressure reactivity to induced stress in humans [3] . However, little is known about the independent effects of low doses of aerobic exercise in these responses. Furthermore, the effects of aromatherapy can have an impact on the cognitive function of an individual, therefore influencing the mood and some associated co-variables [13] . Therefore, it is still necessary to investigate the interrelation between physical exercise and aromatherapy, regarding cardiovascular and affective functions of human. Thus, the current study aimed to investigate acute effects of low doses of aerobic exercises associated with eucalyptus essential oil on cardiovascular and affective responses to recovery from the session and during induced stress.
METHODS

Subjects
Twelve subjects from both genders (8 male, 4 female) participated in the study and it took under consideration a power of 90%, α = 5% and four experimental sessions for comparison. All volunteers signed a consent form and the study was approved by the Ethics and Research Committee of Federal University of Vale do São Francisco (Protocol n. 0003/200813).
General Procedures
The volunteers performed four experimental sessions in different days separated by one week period each. It was done following a randomized order: 1. Aerobic exercise (AE); 2. Eucalyptus essential oil (EO) inhalation; 3. Combination of EA + EO and; 4. Control. Measurements of blood pressure (BP), heart rate (HR), rate pressure product (RPP) and pleasure or displeasure perception were performed during pre-session resting moments as well as in the recovery periods from the experimental sessions. A blood pressure reactivity test was also applied at the end of individuals' recovery period from the experimental sessions. Fig 1 shows the experimental design. Experimental design. EO, eucalyptus essential oil; AE + EO, aerobic exercise plus Eucalyptus essential oil; AE, aerobic exercise; CONTROL, control session or control period within session; BP/HR/FS/RPE, blood pressure, heart rate, feeling scale and rate of perception effort measurements; CPT, cold pressor test.
Aerobic Exercise (AE)
The AE session was performed in a cement track. Participants had to run/walk, for 15 minutes, under intensity between 80-85% of the maximum HR fixed according to the age of the participants (220-age). At the end of the AE session, the rate of perceived exertion (RPE) was assessed by means of the 15-point Borg scale [14] , in order to obtain additional information on the intensity of the performed exercise. The current study aims to apply moderate exercise intensity -below the anaerobic threshold which corresponds to RPE below 13/14 in the Borg scale [15] .
Eucalyptus Essential Oil Inhalation (EO)
Volunteers used a disposable mask and inhaled three drops of eucalyptus essential oil for 5 minutes, in laboratory environment under controlled temperature of 24-25°C. Substance inhalation happened immediately prior to AE, in order to complete the AE + EO session and also, before the exercise control condition, aiming to complete the EO session alone. A control session was performed but with no EO or AE inhalation. It was done in order to complete the four experimental sessions. However, in the moment EO inhalation was performed, volunteers remained in a condition similar to that from other sessions, when they used mask on their faces, thus inhaling blank air.
Extracting Eucalyptus Essential Oil
Eucalyptus essential oil extraction was performed by hydrodistillation and using the Clevenger system. Five hundred grams (500 g) of Eucalyptus globulus leaves were fragmented and placed in a volumetric flask fulfilled with water and adapted to the extractor. Such procedure was done in a Pharmacology Laboratory. Leaves were taken to a heating mantle at boiling temperature so that the water vapors and volatiles were driven to the condenser in which the distillation happened [16] . The eucalyptus essential oil was collected in a 2 mL vial and a small amount of anhydrous sodium sulfate was added to it in order to absorb the water molecules within the oil. Percentages of substances found in the eucalyptus essential oil have been identified through gas chromatography-mass spectrometry (GC-MS) and eucalyptol (1.8-cineole) represented 69.8% of the sample.
Measurement of Cardiovascular Variables
Volunteers were taken to an Exercise Physiology Laboratory and seated in a comfortable chair with their left upper limb relaxed at heart level. Systolic BP (SBP), diastolic BP (DBP), HR and RPP were checked at rest period, before the experiments for 15 minutes (3 × 5 min), during the recovery after the experiments for 30min (3 × 10 min) and during the Cold Pressor Test (CPT), by means of an automated sphygmomanometer (Microlife, BP 3AC1-1, USA) validated by Stergiou et al. [17] .
Cardiovascular Stress Test
After the 30 minutes recovery to each experimental session, participants were submitted to a thermal stress test, following the CPT protocol [18] , which was used because of its ability to induce cardiovascular stress [19] . During the CPT, participants voluntarily immersed their right hand in water under controlled temperature between 3-4˚C. During CPT, the individual remained with the hand immersed for one minute, a period used to perform SBP, DBP, HR and RPP reactivity measurements.
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Affective Responses
The subjects were asked about their perception on pleasure/displeasure from feeling scale [20] in the end of the initial resting period after the experimental sessions, every 10 minutes during the 30 minutes recovery period as well as immediately at the end of the CPT. The Feeling Scale presents an 11-point bipolar measure, ranging from -5 to + 5 and verbal descriptors ranging from "very poor" to "very good" and a "neutral" zero point. Prior to the experimental session, the scale was used to anchor the participants' memory [21] .
Statistical Analysis
Shapiro Wilk Test was previously adopted to test data normality. It was used the descriptive statistics to mean, standard deviation, standard error of the mean and percentage frequency. Intra-and intersession comparisons performed repeated measures by ANOVA test and an LSD Post Hoc test was adopted to detect pairs of differences. Significance level was set at P < 0.05. All analyses were performed through the Statistica® software, version .5.1
RESULTS
The investigated sample (n = 12) had mean age of 26.9 ± 7.5 years old, body mass of 69.1 ± 16.7 kg, height of 165.9 ± 6.8 cm and body mass index of 24.9 ± 4.4 kg/m 2 . According to risk stratification, volunteers were considered apparently healthy. Table 1 presents the results of cardiovascular and affective variables obtained at rest, which did not differ among experimental sessions (P > 0.05). During interventions, it was possible to see that there were no differences for the % of maximum HR between sessions with exercise (AE: 84 ± 1 vs. AE + EO: 83 ± 2; P = 0.06) and without exercise (EO: 38 ± 5 vs. Control: 38 ± 7; P = 0.89). There was also no difference in RPE between sessions with exercise (AE: 12.3 ± 2.4 vs. AE + EO: 12.1 ± 2; P = 0.72), which demonstrates that the intensity of aerobic exercise was moderate in both sessions. Figure 2 shows the SBP variation during the experimental sessions. It was found lower reactivity of SBP, during stress, for the AE + EO session and the EO session alone, when compared with the control session (P < 0.05). DBP showed no difference between sessions (P > 0.05). Figures 4 and 5 show HR and RPP variations. There were no significant differences in any of the periods. However, by descriptively analyzing the AE session, in relation to the AE + EO session, it was found that there was a variation of 18% in HR and RPP reactivity during stress, as well as 40% less variation in RPP reactivity in the EO session in comparison with the control session. Figure 6 shows the results for pleasure/displeasure perception among the different experimental sessions. Differences were found between AE + EO and the control sessions at the 1st and 30th minute of recovery as well as during stress (P < 0.05). Differences also occurred at the 1st minute of recovery, between EO and the control sessions (P < 0.05), as well as during stress between AE + EO and AE sessions (P < 0.05). 
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DISCUSSION
The main findings of the study were that only 15 minutes of aerobic exercise at moderate intensity associated with 5 minutes of eucalyptus essential oil inhalation or the eucalyptus essential oil alone significantly attenuated the SBP reactivity during induced cardiovascular stress (Fig 2) . Furthermore, greater sense of pleasure during recovery and less sense of displeasure during stress were modulated after performing a session combining aerobic exercise and eucalyptus essential oil (Fig 6) . Although there were no significant results, reductions of 18% in HR and RPP were observed during stress, after the intervention with aerobic exercise and eucalyptus essential oil inhalation if compared with aerobic exercise (Figs 4 and 5). During cardiovascular stress, RPP was 40% lower after the intervention with eucalyptus essential oil when compared with the control session (Fig 5) . These findings suggest the important role played by the eucalyptol (1.8-cineole) in acute cardiovascular protection, in the face of stress condition in this system. Soares et al. [8] showed that eucalyptol reduced cardiac inotropism in papillary muscles of rats, fact that can be directly related to SBP, HR and RPP in the current study. Dayawansa et al. [22] demonstrated, via cedrol oil inhalation by humans, a reduced sympathetic nerve activity and an increased parasympathetic tone, thus presenting a consequent increase in the baroreflex sensitivity. Such results can be associated with Li et al. [23] , who found a significant effect of a 2 hours walk in a forest park on BP reduction, corroborating the current outcomes, demonstrating that the interaction between aerobic exercise and eucalyptus essential oil attenuates SBP reactivity to induced stress. However, according to the current study, a 15 minutes run/walk at moderate intensity was enough. Reduced HR and RPP percentages during stress and after
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eucalyptus essential oil inhalation suggest a central action regarding the interaction between the 1.8-cineole component and the paraventricular region of the hypothalamus, which is directly related to autonomic regulation [11] . Kc & Dick [2] highlight that paraventricular nucleus neurons present stress signalizers, which modulate GABA neurotransmitters increasing sympathetic nervous activity. Thus, it is believed that the eucalyptus essential oil has minimized stressor stimulus within the hypothalamic paraventricular region leading to a possible reduction on sympathetic stimulus to the cardiovascular system. In addition, the associated physical exercise could enhance such responses, via baroreceptor reset, reaching the nucleus of the solitary tract [11, 12] . However, further studies are needed in order to ensure the abovementioned hypotheses regarding the central modulation of the vascular response in induced stress. The intervention combining aerobic exercise and eucalyptus essential oil increased affective responses regarding pleasure during recovery from sessions and reduced displeasure related to stress. Park et al. [13] demonstrated psychophysiological responses from individuals facing natural and stressor environments, because changes in autonomic responses in different environments would influence the mood of the individuals. These evidences corroborate the Polyvagal Theory which was discussed by Alvarez et al. [24] and presented by Porges [25] . This theory describes the interaction between the autonomic tone and the social engagement. The increased activity of the vagus nerve and the consequent lower sympathetic activation would play an important role in promoting prosocial behavior and emotional regulation [26] . Furthermore, literature has discussed the relationship of the positive affect and exercise intensity during the session. Such interaction can increase practitioner's chances of returning to the exercise program [27] , which means a greater adherence and more physical activity in the medium and long term, especially for sedentary people after starting a low intensity exercise program [28] . These findings corroborate that the reduced dose of exercise used in the current study, employing low volume and intensity (15 min; RPE = 12), contributes to an improved affective feeling in the AE + EO post-session stress and recovery (Fig 6) . Finally, the interaction of the environment [13] or of the inhaled natural substance [6] , besides modulating the mood [29] as observed in the current study regarding affective responses, also reduced the cardiovascular responses during recovery and under stress. The sample size may be considered as a main limitation of the study. However, a previous sample size calculation suggested the number of subjects investigated in the respective experimental design. Other limitation, this study did not perform measurements of autonomic function, flow-mediated dilation and mood and activation state in recovery and under stress. Such procedures would contribute with additional information to explain the results. It was also not possible to create a placebo substance of eucalyptus essential oil for inhalation in control moments; however, the face mask was kept in those periods and volunteers breathed blank air, as demonstrated by other authors [21] . We concluded that a low dose of aerobic exercise associated with eucalyptus essential oil, as well as the eucalyptus essential oil alone, contributed to reduced responses in the systolic blood pressure reactivity to induced cardiovascular stress. This strategy also enabled a greater sense of pleasure during recovery and less displeasure during stress. Further investigations regarding the interaction of physical exercise with natural essential oils are suggested as an attempt to elucidate both the effects and the possible mechanistic pathways on neurovascular and affective variables.
